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(57) ABSTRACT

A transmission apparatus included in a communication sys-
tem together with a reception apparatus and configured to
multiplex data from M (M is a natural number equal to or
larger than 2) channels and transmit the data to the reception
apparatus. The transmission apparatus includes M timing
offset units configured to respectively receive inputs of the
data from the different channels and insert designated timing
offset values in the input data, a multiplexing unit configured
to multiplex the M data subjected to the timing offset and
output a multiplexed signal, and a timing-offset calculating
unit configured to calculate different timing offset values for
the respective M timing offset units and output the calculated
timing offset values to the respective timing offset units.

32 Claims, 17 Drawing Sheets

£106-1 1071 108
TRANSMISSION —
CHANNEL 1 FILTER o Tving |
DATA™ 7| PROCESSING [ 3| OFFSET UNIT
UNIT 7,
71062 ¢107-2
TRANSMISSION
CHANNEL2_,|  FILTER TMING | f £
DATA ™| PROCESSING [ ¢  OFFSETUNIT[ | &
UNIT T, o
1063 1073 4
TRANSMISSION nfl gl
CHANNEL3_,}!  FILTER TIMING T
DATA 7| PROCESSING }_, OFFSETUNIT[ | F
UNIT T, 2
. =
£106-M £107-M
TRANSMISSION
CHANNELM _,| " FILTER TIMNG | |
DATA ™| PROCESSING ["§—3| OFFSET UNIT
UNIT T L |
M-1
108
TIMING-
NUMBER OF OFFSET
CHANNELS ~|CALCULATING|
UNIT




US 9,281,986 B2
Page 2

(56) References Cited

FOREIGN PATENT DOCUMENTS

JP 2008 78944 4/2008

JP 2009 182649 8/2009

JP 2009 194732 8/2009

WO 2007 007673 1/2007
OTHER PUBLICATIONS

Suyama, S., et al., “Subcarrier Phase Hopping MIMO-OFDM Trans-
mission employing Enhanced Selected Mapping for PAPR Reduc-

tion,” IEEE International Symposium on Perdon, Inddor and Mobile
Radio Communications, Total 5 Pages, (Sep. 14, 2006).

Kawamura, T., et al., “Investigation on Peak Power Reduction Effect
Employing Clipping and Filtering in LTE-Advanced Uplink,” IEICE,
Total 1 Page, (2010) (with partial English translation).

International Search Report Issued Oct. 4, 2011 in PCT/JP11/069656
Filed Aug. 30, 2011.

Office Action issued Apr. 1, 2015 in Canadian Patent Application No.
2,814,485.

Canadian Office Action issued Dec. 23, 2015 in Canadian Patent
Application No. 2,814,485.

* cited by examiner



U.S. Patent Mar. 8, 2016 Sheet 1 of 17 US 9,281,986 B2

FIG.1

REFLECT-
ING
OBJECT

INTERFERENCE

TRANSMISSION WAVE RECEPTION
APPARATUS APPARATUS

DIRECT

WAVE « | THERMAL

Y >| NoisE |7
INTERFERENCE
WAVE
REFLECT-

ING
OBJECT




U.S. Patent Mar. 8, 2016 Sheet 2 of 17 US 9,281,986 B2
SOUND DATA—>
IMAGE DATA——>|
MOVING MULTI-
IMAGE DATA™ ”IPLEXING——>
. UNIT | MULTIPLEXED
DATA
MOVING |
IMAGE DATA >
DATA FOR USER 1——»
DATA FOR USER 2——>
MULTI-
DATA FOR USER 3—-—> PLEXING ,
. UNIT | MULTIPLEXED
: DATA
DATA FOR USER M——>




US 9,281,986 B2

Sheet 3 0f 17

Mar. 8, 2016

U.S. Patent

LINN 1INN 1INN

LINN 38 le—]{ LINN Ova |« oNigav oﬁ&%x%%o OZ_ﬂwm_zmo
dz/dd

-NOISSINSNVYL “TINNVHOILTNI
012 €0}- 201’ LoL2 0oL’
GOl
VNNILNY
NOISSINSNYY




U.S. Patent Mar. 8, 2016 Sheet 4 of 17 US 9,281,986 B2

FIG.4

ZERO
INSERTION

FIG.5

Mi AFTER

AFTER CP

__________________________




U.S. Patent Mar.8,2016  Sheet5of 17 US 9,281,986 B2
g 106-1 ¢107-1 <108
TRANSMISSION
CHANNEL 1_,|  FILTER o TIMING |
DATA | PROCESSING »| OFFSET UNIT
UNIT T,
g106-2 ¢107-2
TRANSMISSION
CHANNEL 2_,|  FILTER & TIMING | fE
DATA™ | PROCESSING [ $—| OFFSETUNIT[ 7| 5
UNIT T, O
TRANSMISSION § > QaNAL
CHANNEL 3_,!  FILTER i 5l TIMING || &
DATA | PROCESSING T_;OFFSET UNIT[ | F
UNIT 7, ]
. : . =
¢ 106-M ¢107-M
TRANSMISSION
CHANNELM_,|  FILTER ¢, TIMING >
DATA | PROCESSING | ¢—3] OFFSET UNIT
UNIT r
M-1
¢109
TIMING-
NUMBER OF _,| OFFSET
CHANNELS ™ " [CALCULATING
UNIT




U.S. Patent Mar. 8, 2016 Sheet 6 of 17 US 9,281,986 B2

FIG.7

Ty A
CHANNEL 2 DATA ‘L//'\\/

o /\v/\”

CHANNEL M DATA U




U.S. Patent

Mar. 8, 2016 Sheet 7 of 17 US 9,281,986 B2

FIG.8

SAMPLE TIMING

Yy
NN e

Z/SRRE

LA

SN YA

NN
M Y
AR :

PEAK OCCURRENCE PLACE



U.S. Patent Mar. 8, 2016 Sheet 8 of 17 US 9,281,986 B2
¢106-1 107-1 108
TRANSMISSION
CHANNEL 1 FILTER o TIMING |,
DATA | PROCESSING 3| OFFSET UNIT
UNIT z, (110
§106-2 ¢107-2
TRANSMISSION .
CHANNEL2_,|  FILTER o] TMNG [l E =
DATA™ 7| PROCESSING | §—3| OFFSET UNIT z L [, TRANSMISSION
UNIT T, o ZZ |7 SIGNAL
Z x>
§106-3 ¢107-3 s >3
TRANSMISSION o 2
CHANNEL 3 FILTER o mmine L] & ws
DATA™ | PROCESSING }_, OFFSET UNIT E 0| TIMING
UNIT 7, 3 X0 B OFFSET
. . . . = < | VALUE
. - . . a
¢ 106-M ¢107-M
TRANSMISSION k)
CHANNELM_,|  FILTER o  TimMiNg ]
DATA™ | PROCESSING | ¢—jp| OFFSET UNIT
UNIT -
M-1
111
TIMING-
NUMBER OF _,|  OFFSET
CHANNELS 7| CALCULATING
UNIT TIMING

T —PAPR VALUE OFFSET VALUE—




US 9,281,986 B2

Sheet 9 of 17

Mar. 8, 2016

U.S. Patent

TINN
LINN «| ONISSIO0Ud | JO_M__H_%OO A..m%m_m__,_%_\_,.__%z
oNILvInaow3al* y31714 ]
NOILdIO3Y ] 9023
N-G0Z - -0z > .
. . . 0, |3NTVA L3S340 ONIWIL
TINN «
LINN _ |ONISS300Nd|, 1IN
ONILYINnaow3af* 43174 [ N on LINN ONIZITYND3 LINN
NOILdIO3Y Ivuvags [ ONIZIN |e any <«{ONIAOWIY
€-60zZ- c0z3 -O4HONAS ONILYINILST dz/dd
JINNVHD
TINN T . T
1INN | ONISSF00ud | 0z Loz 002
ONILYINAOW3a NETRI
NOILd303Y
z-s0z° Z2-¥02Z-
TINN
1INN ONISSIO0Nd |,
ONILYInaow3a|* ¥3Ld €
NOILd303Y
1-50Z 5 15023 €0z-

TYNOIS
REECENEREL

0L ©ld



US 9,281,986 B2

Sheet 10 of 17

Mar. 8, 2016

U.S. Patent

TINN
ONLLYINOTYO | STANNVHO
NOILV.LOY [~ 40 ¥38NNN
-35VHd
6L1-
_,.ES.
. TN TINA
3 | ONLVIOH |« S| ONISSIO0¥d g | 11NN 140 fe{ LINN @IS fe— S
! ASVHd NOISSINSNYYL
0 W-GLLD N3 WLl W-zi1°>
O . n . - . n
J_A - N - - - -
V L] N L ] n n L] -
m LINN Ah LINA
o S 2 e onivioy |e— ONISSF08 [ | 1NN 140 [« LNNdiS [ TETRN o
wNoIs | @ L 1D S ASYHd NOISSINSNVL
NOISSINSNVAEL ™ | S S o} €6l cvhLJ £€LL 7 eTLl3
— = @]
B N 1INA ki LIND
D | onliviow [e ONISSAOON le | 1INN 140 [« LINNdiS fe—JL00
¢ 3SVHd [
> i NOISSINSNV¥.L , !
._._IM 6L L el zTLl
py G O 1INN
S le] oniLvioy ¢ ONISSAD0Yd ¢ 1 1INN 140 ¢ LINNdiS fe— V00 o
= ASVHd NOISSINSNYM.L
PRI IR L-GLLo =S L-gLLd L-2LLo

L1 Ol



U.S. Patent

Mar. 8, 2016

FIG.12

Sheet 11 of 17

115-k

sl —

Sgk) —

(k)
S, _"%

(k)
ONL—1

k
> Yo

k

(k)
> YN

US 9,281,986 B2



US 9,281,986 B2

Sheet 12 of 17

FIG.13

LINN I TdNVYSHINO
ONIONVHHV-AONINOI YL

Mar. 8, 2016

U.S. Patent

-1

XO
_’X1
—» X

(113-1

FIG.14

x, —»| DFTUNIT | x
n

X4 ’

Xo

XNt T




US 9,281,986 B2

Sheet 13 0of 17

Mar. 8, 2016

U.S. Patent

TN
ONILYINOT¥O | STANNYHO
NOILV.LOYN  [€"30 438WNN
-35VHd
BLL-
bIN
& 1INA
LINN
] 1NN 1301 | oniLvloy 5 ONISS0NE L | 1inn Laa fed] LNndis fe T o
= 3Svhd NOISSINSNVA1
c | woz’ N-G11- NpLL3 W-€LL- W-zLL-
m [] [ L] L] n [ -
T . . - . . - -
m s [ 2 L] - [ . -
2 N lend LINA
o & | LN 130 feo ONILVION  |e—p ONIGSEOOH led 1NN 140 [« LNNdIS [« IR Nvho
TNOIS | & | 2 3SvHd NOISSINSNV¥.L
NOISSINSNVaL ™ | S m | g0z13 esiLS e el ezl 3
B m 1INN ki LING
S e LINN 1401 e ONILYLOY [e—-| ONISSTO0Nd ke | 11N 1aa e LNnais [ Fh00 o
o 38VHd
m NOISSINSNV.L
c z-02l- 2R Z71 3 zEhLo zziLs
Z 0
3 I P 1INN
| LINN 1401 || ONiLviow [« ONISSH00Y (| 11nn 140 fe LNndrs fe=TEE0 ho
AS¥Hd NOISSINSNYYL
zzLs e 1-0z). 2 b-GLL 2 TR L-gbL 1-2Ll 2

gL Old



US 9,281,986 B2

Sheet 14 of 17

Mar. 8, 2016

U.S. Patent

—LNNOWY NOLLYLOY  3NTVA ¥dvd— v
3SVYHd TIND
ONILLYINO YO [ STINNVHO
NOILY.LOY (€ 40 ¥3gnNN
-35VHd
vl
N
M
1IN
m 1IN [«—2 | oniSs300ud v1va
v 0 NOISSINSNYNL
m W-GL1-> s W-cLi- W-ZiL-
0 WLl
O .
o N :
INNOWY > > 2
NOILY1OY <« 03 M TINA n TINN
AvHd 192 - 5 > ONILYLOY |« ONISSHOOUd L] LINN 140 [ LINN /S fe— {320
30| M Q 3SVHd TANNVHO
28 2l 3l 2 NOISSINSNV¥L
FS z - @ £GLi- P E€LL- £-Ch)-
C — = (@] !
TYNOIS | Z2 - < TN P 1IN
NOISSINSNVaL ™1 = 2 ONILVLOY  [¢——] ONISSHOOM Ll 11NN 140 [ LINNars fe—J5T0
5 @ 3SYHd
z : NOISSINSNYL . ;
% ¢Skl . N-v_‘_‘v ¢-cll ¢-cll
€zL o X T PR 1INA
= ONILYLOY |« ONISSAOOUd L1 ||NN 140 | LINN /S fe— TV
Z MV NETRIY L TANNYHD
= NOISSINSNYYL
-TNEIRITE I -TTB] b-GLL- 3 gLl b-ZiL-

91914



US 9,281,986 B2

Sheet 15 0of 17

Mar. 8, 2016

U.S. Patent

LNN | STANNVHO
JOHLNOD [€~ 30 ¥3anNN
siego
TN oNn ] ?
oniinled LN | |oNISS300ud| [ONILYIONHIES
“A0Nad 14al NETRIY 3SYIATA [
NOILd303¥ 3SVHd
W-viz? W-eLe’ N-zZ12- W-112°
: . t_“S t_,“: Ns..
1INN L
1INN ONISSIO0Hd| . [ONILYLON[€ 1INN
o€l L=ai ¥3LT4 [€13SEIATE [T LNn UMM |onizivnoa | [l [ENAON]  onois
NOILd303d 3ISvHd ONILVY [¢ 7 | aNY e “AOW3Y [~ 57 1533y
evizs g€zl £2123 e11z3 Vd3S | |nandawd| | ONLLYALLS3 dz/d0
TINN 1Nn | ' 3 L02° 00z
LINN < 60¢ 80z
ONLLVINke] LIND ONISSFOO0Nd | [ONILYLONE™E
“GONaa 14al NETRIE 3syaA (€7
NOILd303Y 3SVHd
vie) z-€1g° el Z-L1Z°
LINM $5990 ONILVLOM i
1INN ONISS300Hd|, [ON <
ONLVINIT 1aal MALTIA  [€]3SU3AT ¢
NOILd303Y 3SVHd
vigd bl 2123 1es oLz>

21 9l4



U.S. Patent Mar. 8, 2016 Sheet 16 of 17 US 9,281,986 B2
¢210
—>
¢209 .\
FREQUENCY | ¢
SELECTING [>f SEPARATING
UNIT g .




US 9,281,986 B2

Sheet 17 of 17

Mar. 8, 2016

U.S. Patent

TN
1INN
| oNlLv¥anao 1INN ONI TYNOIS
LINM 34 1INn Ovd 9 n__,mmﬁ% < FYNOIS -ZINOYHONAS [€— a3an=E03y
-NOISSINSNYYL
p0g - €og>’ zog’ Lo¢’ 00¢g>-
S0€
VYNNILNV

NOISSINSNVHL

6l Old



US 9,281,986 B2

1

TRANSMISSION APPARATUS, RECEPTION
APPARATUS, AND RELAY APPARATUS

FIELD

The present invention relates to a transmission apparatus
that performs multichannel transmission.

BACKGROUND

In a digital communication system in the past, frequency
selectivity and time fluctuation of a transmission line are
caused by multipath fading that occurs when a transmission
signal reflects on a building or the like and Doppler fluctua-
tion that occurs because of movement of a terminal. In such a
multipath environment, a received signal is a signal in which
a transmission symbol and a delayed symbol, which arrives
after a delay time elapses, interfere with each other.

As a method of obtaining a best reception characteristic in
a transmission line having frequency selectivity, a single car-
rier transmission system attracts attention in recent years. For
an increase in a volume of transmission data, there is an
increasing necessity for multichannel transmission in which a
single carrier is used. The multichannel transmission is a
technology for simultaneously transmitting several channels
or several different data sequences. For example, when the
number of channels is represented as M, data for M users or M
kinds (sound, image, moving image, etc.) of data are simul-
taneously transmitted. When the method of the multichannel
transmission is used in this way, it is possible to simulta-
neously transmit data to a large number of users or simulta-
neously provide various services.

In the multichannel transmission in which a plurality of
signals are multiplexed, there is a problem in that a PAPR
(Peak to Average Power Ratio) value is high. In general trans-
mission, for example, Patent Literature 1 described below
discloses a technology for suppressing peak power in a com-
munication system for a single carrier. Patent Literature 2
described below discloses a technology for changing a phase
for each signal and suppressing peak power in another com-
munication system different from the multichannel transmis-
sion. Patent Literature 3 described below discloses a technol-
ogy for selecting a precoder that suppresses transmission
peak power in a MIMO (Multiple Input Multiple Output)
communication system.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-
Open No. 2008-78944

Patent Literature 2: WO2007/007673

Patent Literature 3: Japanese Patent Application Laid-
Open No. 2009-182649

SUMMARY
Technical Problem

However, according to the technologies in the past, it is
impossible to perform peak suppression when a multichannel
signal is transmitted. Therefore, there is a problem in that it is
impossible to reduce a PAPR value during the multichannel
signal transmission.
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2

The present invention has been devised in view of the
above and it is an object of the present invention to obtain a
transmission apparatus that can reduce a PAPR value during
multichannel transmission.

Solution to Problem

In order to solve the above problem and in order to attain
the above object, in a transmission apparatus included in a
communication system together with a reception apparatus
and configured to multiplex data from M (M is a natural
number equal to or larger than 2) channels and transmit the
data to the reception apparatus, the transmission apparatus of
the present invention includes: M timing offset units config-
ured to respectively receive inputs of the data from the dif-
ferent channels and insert designated timing offset values in
the input data; a multiplexing unit configured to multiplex the
M data subjected to the timing offset and output a multiplexed
signal; and a timing-offset calculating unit configured to cal-
culate, based on a value known in the communication system,
different timing offset values for the respective M timing
offset units and output the calculated timing offset values to
the respective timing offset units.

Advantageous Effects of Invention

According to the present invention, there is an effect that it
is possible to reduce a PAPR value during multichannel trans-
mission.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram of a multipath environment.

FIG. 2 is a diagram of an example of multiplex transmis-
sion.

FIG. 3 is a diagram of a configuration example of a trans-
mission apparatus.

FIG. 4 is a diagram of an implementation example of a ZP.

FIG. 5 is a diagram of an implementation example of a CP.

FIG. 6 is a diagram of a configuration example of a trans-
mission-signal generating unit.

FIG. 7 is a diagram of a timing offset insertion example.

FIG. 8 is a diagram of an eye pattern of a QPSK signal.

FIG. 9 is a diagram of a configuration example of a trans-
mission-signal generating unit.

FIG. 10 is a diagram of a configuration example of a
reception apparatus.

FIG. 11 is a diagram of a configuration example of a
transmission-signal generating unit.

FIG. 12 is a diagram of a configuration example of a phase
rotating unit.

FIG. 13 is a diagram of an example of a frequency arrange-
ment for channel signals.

FIG. 14 is a diagram of a relation between input values and
output values to and from a DFT unit.

FIG. 15 is a diagram of a configuration example of a
transmission-signal generating unit.

FIG. 16 is a diagram of a configuration example of the
transmission-signal generating unit.

FIG. 17 is a diagram of a configuration example of a
reception apparatus.

FIG. 18 is a diagram of frequency division processing.
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FIG. 19 is a diagram of a configuration example of a relay
apparatus.

DESCRIPTION OF EMBODIMENTS

A transmission apparatus according to Embodiments of the
present invention is explained in detail below based on the
drawings. The present invention is not limited by the embodi-
ments.

First Embodiment.

First, an environment in which a communication system
including a transmission apparatus and a reception apparatus
in a first embodiment is used is briefly explained. FIG. 1 is a
diagram of a multipath environment in which the communi-
cation system is arranged. When the transmission apparatus
transmits a signal in the multipath environment, the reception
apparatus receives the signal as thermal noise in which a
direct wave from the transmission apparatus and an interfer-
ence wave reflected from a reflecting object are multiplexed.

There is a single carrier transmission system for obtaining
a best reception characteristic in such a case. However, for an
increase in a volume of transmission data, there is a multi-
channel transmission system in which a single carrier is used.
FIG. 2 is a diagram of an example of multiplex transmission
in multichannel transmission. As shown in FIG. 2, when the
number of channels is represented as M (M is a natural num-
ber equal to or larger than 2), M kinds of data or data for M
users are multiplexed in a multiplexing unit and simulta-
neously transmitted as multiplexed data. In this embodiment,
atransmission apparatus is explained that can reduce a PAPR
value when multiplexed data (a multiplexed signal) obtained
by multiplexing data is transmitted.

FIG. 3 is a diagram of a configuration example of the
transmission apparatus. The transmission apparatus includes
a multichannel-data generating unit 100, a transmission-sig-
nal generating unit 101, a CP/ZP (Cyclic Prefix/Zero Pad-
ding) adding unit 102, a DAC (Digital to Analog Converter)
unit 103, an RF (Radio Frequency) unit 104, and a transmis-
sion antenna 105.

The multichannel-data generating unit 100 generates a plu-
rality of data to be transmitted. The transmission-signal gen-
erating unit 101 receives an input of the data generated by the
multichannel-data generating unit 100 and, after performing
processing for reducing a PAPR value, outputs a multiplexed
signal (a transmission signal) obtained by multiplexing the
data. The CP/ZP adding unit 102 adds a CP (Cyclic Prefix) or
zero insertion (ZP: Zero Padding) to the transmission signal
according to necessity. The DAC unit 103 converts the trans-
mission signal from a digital signal into an analog signal. The
RF unit 104 up-converts the transmission signal converted
into the analog signal. The transmission antenna 105 trans-
mits the up-converted transmission signal to the reception
apparatus.

The operation of the transmission apparatus is explained.
In the transmission apparatus, first, the multichannel-data
generating unit 100 generates a plurality of data to be trans-
mitted. The multichannel-data generating unit 100 outputs
the generated data to the transmission-signal generating unit
101 from different channels. The transmission-signal gener-
ating unit 101 applies processing for reducing a PAPR value
to the data generated by the multichannel-data generating unit
100 and multiplexes the data to generate a transmission sig-
nal. Details of the processing for reducing a PAPR value is
explained below.

In the multichannel-data generating unit 100, a data gen-
erating method used from the past can be used. Any signal
point and any mapping method can be used. In general, as a
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4

modulation system, PSK (Phase Shift Keying), QAM
(Quadrature Amplitude Modulation), or the like is used.

It is also possible to use data encoded using an error cor-
rection code or the like or spread-encoded data such as
CDMA (Code Division Multiple Access) disclosed in a lit-
erature ‘R. Prasad et al, “An overview of CDMA evolution
toward wideband CDMA”, IEEE Commun. Surveys & tuto-
rials, vol. 1, no. 1, Fourth Quarter 1998, pp. 2 to 29.

Subsequently, the CP/ZP adding unit 102 adds a CP or zero
insertion to the transmission signal according to necessity.
FIG. 4 is a diagram of an implementation example of the ZP.
FIG. 5 is a diagram of an implementation example of the CP.
The ZP is a method of inserting zero in the beginning or the
end of data. The CP is a method of copying several symbols in
the beginning (the end) of data to the end (the beginning) of
the data. In general, the CP and the ZP are processing per-
formed to prevent areception characteristics from being dete-
riorated in a multipath fading transmission line. Therefore, if
it is unlikely that the reception characteristic is deteriorated, it
is unnecessary to perform the CP and the ZP. The CP and the
ZP explained herein can be processing equivalent to the pro-
cessing in the past.

The DAC unit 103 converts the signal input from the CP/ZP
adding unit 102 from a digital signal into an analog signal.
The RF unit 104 up-converts the digital signal and transmits
a transmission signal from the transmission antenna 105.
Processing by the DAC unit 103 and processing by the RF
unit 104 are processing equivalent to the processing in the
past.

Subsequently, processing for performing the processing
for reducing a PAPR value and multiplexing and outputting
data in the transmission-signal generating unit 101 is
explained. FIG. 6 is a diagram of a configuration example of
the transmission-signal generating unit 101. The transmis-
sion-signal generating unit 101 includes transmission filter
processing units 106-1 to 106-M, timing offset units 107-1 to
107-M, a multiplexing unit 108, and a timing-offset calculat-
ing unit 109. In the following explanation, as an example, the
multichannel-data generating unit 100 generates M (M is a
natural number equal to or larger than 2) data and outputs the
data from M channels.

Each of the transmission filter processing units 106-1 to
106-M applies filter processing to one data input from the
multichannel-data generating unit 100. The timing offset
units 107-1 to 107-M insert, in the data subjected to the filter
processing, timing offset values input from the timing-offset
calculating unit 109. The multiplexing unit 108 multiplexes
and outputs M signals subjected to the timing offset. The
timing-offset calculating unit 109 calculates, based on infor-
mation concerning the number of channels, values that the
timing offset units 107-1 to 107-M should subject to the
timing offset and outputs the values.

The operation of the transmission-signal generating unit
101 is explained. First, the transmission filter processing units
106-1 to 106-M receive inputs of channel data from the chan-
nels, apply the filter processing to the channel data, and output
data. The filter processing can be the general processing in the
past.

The timing-offset units 107-1 to 107-M insert the timing
offset values in the data subjected to the filter processing. In
this embodiment, a method of directly inserting the timing
offset values in time domains is used. FIG. 7 is a diagram of
a timing offset insertion example. Different timing offset
values are inserted for the respective channels. As shown in
FIG. 7, timing offset value does not have to be inserted con-
cerning one data among a plurality of (M) data.
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In the time domains, when the timing offset units 107-1 to
107-M insert the timing offset values, it is possible to insert a
CP or a ZP in a shifted portion. However, if it is unlikely that
a reception characteristic and a demodulation characteristic
are deteriorated, it is unnecessary to add a CP or a ZP.

The multiplexing unit 108 multiplexes the data in which
the timing offset values are inserted and outputs the data to the
CP/ZP adding unit 102 at the post stage as one multiplexed
signal (transmission signal).

A principle that a PAPR value of the multiplexed signal can
be reduced by inserting different timing offset values to
respective data is explained. As an example, an eye pattern of
a QPSK (Quadrature Phase Shift Keying) signal is shown in
FIG. 8. As it can be understood from FIG. 8, in a single carrier
signal, a peak of electric power tends to occur in a place
between symbol times in the time domains. In other words,
when single carrier signals are multiplexed, because peak
occurrence places of the single carrier signals are the same,
the peak occurrence places overlap and peak power of an
output signal further increases.

Therefore, to shift the peak power occurrence places and
reduce a PAPR value, the transmission-signal generating unit
101 inserts different timing offset values to data of respective
channels and prevents the overlap of the peak occurrence
places.

For example, in the case of two-channel transmission, a
signal of a second channel is transmitted while being shifted
by offset equivalent to 0.5 symbol time. In the case of four-
channel transmission, a signal of a second channel is shifted
by offset equivalent to 0.25 symbol time, a signal of a third
channel is shifted by offset equivalent to 0.5 symbol time, and
a signal of a fourth channel is shifted by offset equivalent to
0.75 symbol time.

The timing-offset calculating unit 109 calculates timing
offset values for shifting the timings of the respective chan-
nels in this way and outputs the timing offset values to the
timing offset units 107-1 to 107-M. The timing offset units
107-1 to 107-M insert the received timing offset values in the
respective data. Consequently, it is possible to reduce a PAPR
value of a multiplexed signal.

The timing offset values can be determined freely. In the
transmission-signal generating unit 101 shown in FIG. 6, an
input value to the timing-offset calculating unit 109 is the
number of channels (M). However, the input value is not
limited to this. For example, the timing offset values can be
set to values suitable for parameters of a transmission filter,
the number of oversamples in not-shown oversampling pro-
cessing, and the number of symbols included in the respective
data.

At this point, the timing-offset calculating unit 109 calcu-
lates transmission timing shift values (timing offset values)
based on known parameters set by the communication system
including the transmission apparatus and the reception appa-
ratus such as the number of channels, the parameters of the
transmission filter, the number of oversamples, and the num-
ber of symbols. Consequently, the reception apparatus can
store the parameters in the communication system in a
memory in advance. On the transmission apparatus side,
because it is unnecessary to notify information concerning
timing offset values every time timing offset is performed, it
is possible to reduce a PAPR value while reducing consump-
tion of a radio band.

As explained above, in this embodiment, in the transmis-
sion apparatus, the timing-offset calculating unit 109 calcu-
lates, based on the parameters known in the communication
system, calculates different timing offset values for a plurality
of'channels. The timing offset units 107-1 to 107-M insert the
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timing offset values in respective channel data. The multi-
plexing unit 108 multiplexes signals after the timing offset
value insertion to generate a transmission signal. Conse-
quently, it is possible to shift a peak power occurrence place
in the transmission signal of multichannel transmission.
Therefore, it is possible to reduce a PAPR value of the trans-
mission signal compared with a PAPR value of a transmission
signal obtained when the timing offset values are not inserted.

Second Embodiment.

In a second embodiment, a PAPR value of a transmission
signal at the current timing offset values is measured and
timing offset values are calculated using information con-
cerning the PAPR value. Differences from the first embodi-
ment are explained.

FIG. 9 is a diagram of a configuration example of the
transmission-signal generating unit 101. The transmission-
signal generating unit 101 includes the transmission filter
processing units 106-1 to 106-M, the timing offset units
107-1 to 107-M, the multiplexing unit 108, a PAPR-measure-
ment control unit 110, and a timing-offset calculating unit
111.

The PAPR-measurement control unit 110 measures a
PAPR value of a multiplexed transmission signal and notifies
the timing-offset calculating unit 111 of the PAPR value. The
timing-offset calculating unit 111 calculates, based on infor-
mation concerning the number of channels and the PAPR
value, timing offset values for the timing offset units 107-1 to
107-M and outputs the timing offset values.

In this embodiment, the PAPR-measurement control unit
110 measures a PAPR value of a transmission signal and
notifies the timing-offset calculating unit 111 of the PAPR
value. The timing-offset calculating unit 111 calculates,
based on the number of channels and the PAPR value, timing
offset values with which the PAPR value is minimized.

The timing offset values sometimes depend on data. There-
fore, the PAPR-measurement control unit 110 acquires infor-
mation concerning timing offset values (t;: O<k=M-1) from
the timing-offset calculating unit 111 and transmits the infor-
mation concerning the timing offset values to the reception
apparatus together with the transmission signal. There is no
limitation concerning a method of transmitting the informa-
tion concerning the timing offset values. It is possible to
transmit the information concerning the timing offset values
using another channel or frame different from a channel or a
frame for the transmission signal.

Besides the timing offset, it is also possible to apply, in time
domains, to channel signals, a phase rotation with which a
PAPR value of an output signal is minimized. As in the first
embodiment, an input value is not limited to the number of
channels. It is also possible to use information concerning
parameters of a transmission filter and the number of over-
samples.

As explained above, in this embodiment, the timing-offset
calculating unit 111 further acquires information concerning
the current PAPR value and calculates timing offset values for
the timing offset units 107-1 to 107-M to minimize the PAPR
value. Consequently, when the PAPR value increases, it is
possible to immediately reduce the PAPR value.

Third Embodiment.

In a third embodiment, a reception apparatus included in a
communication system together with the transmission appa-
ratus in the first and second embodiment is explained.

FIG. 10 is a diagram of a configuration example of the
reception apparatus. The reception apparatus includes a
CP/ZP removing unit 200, a channel estimating and equaliz-
ing unit 201, a synchronizing unit 202, a separating unit 203,
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reception filter processing units 204-1 to 204-M, demodulat-
ing units 205-1 to 205-M, and a control unit 206.

The CP/ZP removing unit 200 removes, from a received
signal, a CP or a ZP added by the transmission apparatus. It is
assumed that information concerning the added CP or ZP is
information known in the communication system in which
the reception apparatus is included together with the trans-
mission apparatus. The channel estimating and equalizing
unit 201 applies channel estimation and equalization process-
ing to the received signal. The synchronizing unit 202
removes, based on information concerning timing offset val-
ues acquired from the control unit 206, timing offset values
inserted in respective channels and synchronizes respective
channel data. The separating unit 203 separates the received
signal into M signals. The reception filter processing units
204-1 to 204-M apply filter processing to the separated sig-
nals. The demodulating units 205-1 to 205-M demodulate the
signals. The control unit 206 calculates a timing offset signal
based on information concerning the number of channels,
which is information known in the digital communication
system in which the reception apparatus is included together
with the transmission apparatus, and outputs the timing offset
values to the synchronizing unit 202.

The operation of the reception apparatus is explained.
First, the CP/ZP removing unit 200 removes a CP or a ZP
from a received signal. The channel estimating and equalizing
unit 201 performs channel estimation and equalization pro-
cessing. The synchronizing unit 202 removes timing offset
values of respective channels.

The control unit 206 calculates and outputs a timing offset
values for removal used in the synchronizing unit 202. In FI1G.
10, the control unit 206 calculates, based on the number of
channels, timing offset values using a calculation method
same as the calculation method in the transmission apparatus.
However, the calculation of timing offset values is not limited
to this. As explained in the first and second embodiment,
when other known parameters (the parameters of the trans-
mission filter, the number of oversamples, the number of
symbols, etc.) are used in the transmission apparatus, the
control unit 206 calculates timing offset values using the
same kinds of parameters. It is set in advance in the commu-
nication system which parameters are used. Consequently,
the reception apparatus stores the parameters, which depend
on the communication system, in a not-shown memory and
refers to the parameters. Therefore, the reception apparatus
does not need to acquire information concerning parameters
from the transmission apparatus every time the reception
apparatus receives a signal.

When the transmission apparatus changes timing offset
values as appropriate based on the current PAPR value as in
the second embodiment, the control unit 206 can also receive
the timing offset values from the transmission apparatus and
output the timing offset values every time the transmission
apparatus changes the timing offset values. Because the chan-
nel data are synchronized based on the actual timing offset
values, it is possible to synchronize the channel data at high
accuracy.

In the reception apparatus, after the synchronization, the
separating unit 203 separates the received signal into respec-
tive channel signals. The reception filter processing units
204-1 to 204-M apply reception filter processing to the sepa-
rated received signals. The demodulating units 205-1 to
205-M demodulate the received signals to obtain the channel
data. As ademodulation system, an appropriate demodulation
system is used according to an error correction code, a spread-
ing code, and a modulation system used in the transmission
apparatus.
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As explained above, in this embodiment, in the reception
apparatus, the control unit 206 calculates timing offset values
based on information same as the information in the trans-
mission apparatus. The synchronizing unit 202 removes the
timing offset values from the received signal and synchro-
nizes the channel data. Consequently, in the reception appa-
ratus, it is possible to remove different timing offset values
inserted for the respective channels and obtain data generated
by the transmission apparatus.

Fourth Embodiment.

In the first and second embodiments, the timing offset is
inserted in the time domains. In a fourth embodiment, timing
offset is added to channel signals in the time domains by
giving a phase rotation to the channel signals in frequency
domains.

As an example, timing offset is added to an SC-FDMA
(Single Carrier-Frequency Division Multiple Access) signal.
Peak power of the SC-FDMA signal is low. The SC-FDMA
signal is a technology used in general. It is assumed that M
(channels) SC-FDMA signals are multiplexed.

FIG. 11 is a diagram of a configuration example of the
transmission-signal generating unit 101. The transmission-
signal generating unit 101 includes S/P (Serial/Parallel) units
112-1 to 112-M, DFT (Discrete Fourier Transform) units
113-1 to 113-M, transmission filter processing units 114-1 to
114-M, phase rotating units 115-1 to 115-M, a frequency-
arranging oversampler unit 116, an IDFT (Inverse Discrete
Fourier Transform) unit 117, a P/S (Parallel/Serial) unit 118,
and a phase-rotation calculating unit 119.

The S/P units 112-1 to 112-M convert input channel data
from serial data into parallel data. The DFT units 113-1 to
113-M apply discrete Fourier transform processing to the
parallelized data. The transmission filter processing units
114-1 to 114-M apply filter processing to signals subjected to
the discrete Fourier transform. The phase rotating units 115-1
to 115-M give phase rotation amounts calculated by the
phase-rotation calculating unit 119 to the signals subjected to
the filter processing. The frequency-arranging oversampler
unit 116 arranges channel signals at an appropriate frequency
and applies oversampling to the channel signals. The IDFT
unit 117 applies inverse discrete Fourier transform processing
to the signals subjected to the oversampling. The P/S unit 118
converts the signals subjected to the inverse discrete Fourier
transform from parallel data into serial data. The phase-rota-
tion calculating unit 119 calculates phase rotation amounts
for channels based on the number of channels.

The operation of the transmission-signal generating unit
101 in this embodiment is explained. First, the S/Punits 112-1
to 112-M receive inputs of channel data from the channels,
subjects the channel data to serial/parallel conversion, and
outputs parallelized data. Channel data generated by the mul-
tichannel-data generating unit 100 is N, (1=k=M) signals
subjected to digital modulation. As in the first embodiment, as
a modulation system, in general, PSK, QAM, or the like is
used. N, can be a value different depending on k or can be the
same value (N,=N,=. .. =N, =N). Data encoded using an
error correction code or the like or spread-encoded data such
as CDMA can be used.

The DFT units 113-1 to 113-M apply discrete Fourier
transform processing to the data parallelized by the S/P units
112-1 to 112-M. When N, is a power of 2, FFT (Fast Fourier
Transform) processing with small computation can be per-
formed.

The transmission filter processing units 114-1 to 114-M
apply filter processing to the signals subjected to the Fourier
transform. As a transmission filter used herein, a general RNF
(root Nyquist filter) or NF (Nyquist filter) can be used, when
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the RNF or the NF is used, a roll-off ratio « is a parameter.
However, any value can be used as the roll-off ratio. When
a>0, the length of output signals from the transmission filter
processing units 114-1 to 114-M is (1+a)N,.. When (1+a)N,
is not an integer, in general, processing for carrying up or
carrying down (1+a)N, to a nearest integer is applied.

The phase rotating units 115-1 to 115-M give the phase
rotation amounts calculated by the phase-rotation calculating
unit 119 to the signals of the respective channels. A phase
rotation amount to a signal of a kth channel can be represented
as Formula (1).

en(k): @/ 2win/NL

M

In Formula (1), N, represents the number of signals input
to the phase rotating units 115-1 to 115-M, Wk represents a
phase rotation amount with respect to the signal of the kth
channel, a range of n is 0=n=N,-1, and a range of k is
0<k=M-1.

FIG. 12 is a diagram of a configuration example of a kth
phase rotating unit 115-k. A state in which the kth phase
rotating unit 115-k receives an input of parallelized N, signals
and gives the phase rotation amount indicated by Formula (1)
to the signals is shown.

The phase rotation amount is not limited to the method
explained above. For example, when Q is an integer and “x
mod y” is a remainder obtained when an integer x is divided
by an integer y, the phase rotating units 115-1 to 115-M can
give a phase rotation amount indicated by Formula (2) below.

0, (=2 Qmod NDINL

@

The signals to which the phase rotating amounts are given
by the phase rotating units 115-1 to 115-M are input to the
phase-arrangement oversampler unit 116. The frequency-ar-
ranging oversampler unit 116 arranges the respective channel
signals at an appropriate center frequency. The center fre-
quency is a frequency set by the communication system. FIG.
13 is a diagram of an example of a frequency arrangement of
the channel signals. The left side of FIG. 13 is an extraction of
the section of the frequency-arranging oversampler unit 116
shown in FIG. 11. As shown on the right side of FIG. 13, the
frequency-arranging oversampler unit 116 performs process-
ing for arranging the input signals, to which the phase rotation
amounts are given, at an appropriate center frequency. In an
arrangement diagram of frequencies shown on the right side
of FIG. 13, the abscissa indicates a frequency.

After arranging frequencies, the frequency-arranging over-
sampler unit 116 performs oversampling processing for
increasing the number of input signals by L times. For
example, when the number of input signals of the frequency-
arranging oversampler unit 116 is represented as MN,, the
number of output signals is LMN,. As an oversampling
method, in general, for example, there is a method of inserting
(L-1)MN; zeros in the input signals as disclosed in “Boaz
Porat, “A Course in Digital Signal Processing” John Wiley
and Sons, Inc”. However, the oversampling method is not
limited to this.

The IDFT unit 117 receives an input of the signals over-
sampled by the frequency-arranging oversampler unit 116
and applies inverse discrete Fourier transform processing to
the signals. When the number of input signals is a power of 2,
a conversion method with small computation such as IFFT
(Inverse Fast Fourier Transform) can be used. The signals
input to the IDFT unit 117 are signals for M channels. There-
fore, a signal output by the IDFT unit 117 is a signal obtained
by multiplexing the M channel signals.

The P/Sunit 118 receives an input of the signal subjected to
the inverse discrete Fourier transform processing and, after
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applying parallel/serial conversion processing to the signal,
outputs the signal as a transmission signal. The output trans-
mission signal is a transmission signal output from the trans-
mission-signal generating unit 101 to the CP/ZP adding unit
102.

It is explained below how phase rotations for signals of the
respective channels are related to peak power suppression of
a multiplexed signal. In the explanation, as an example, the
phase rotation amounts depend on the number of channels in
aphaserotation calculation. In general, giving phase rotations
to signals in the frequency domains is equivalent to giving
circulation shifts or circulation timing offsets to the signals in
the time domains as is it well known in, for example, the
literature ‘Boaz Porat, “A Course in Digital Signal Process-
ing” John Wiley and Sons, Inc’. When the phase rotation
amount is represented as m, the signals in frequency domains
are represented as X, Y, and the corresponding signals in time
domains are represented as X, Y, respectively, a relation
between the frequency domains and the time domains can be
represented by Formula (3) below. A range of n is O=n=N-1
and a range of k is O<k=N-1.

_ &> Y. =g d2hmIN
Y Xn—mymod N Y,=e Xy

3

FIG. 14 is a diagram of a relation between input values and
output values to and from the DFT unit 113-1. The DFT unit
113-1 is shown as an example. However, the same applies to
the other DFT units 113-2 to 113-M. As shown in FIG. 14, X,
is a frequency domain signal of x,, (an output signal obtained
when x,, is input to the DFT unit 113-1). Similarly, Y, is a
frequency domain signal of y, (an output signal obtained
when y,, is input to the DFT unit 113-1).

When phase rotations are given to the signals of the respec-
tive channels in this way, timing offset occurs in the time
domain. Therefore, it is possible to suppress a PAPR value.

For example, when N, =N,=...N, =N, to shift peak power
occurrence places to reduce a PAPR value, the transmission-
signal generating unit 101 gives different phase rotation
amounts to the respective channels and prevent overlap of
peak occurrence places. As in the first embodiment, in the
case of two-channel transmission, a signal of a second chan-
nel only has to be transmitted with a phase rotation given to
the signal to shift the signal by 0.5 symbol time. In the case of
four-channel transmission, a signal of a second channel, a
signal of a third channel, and a signal of a fourth channel only
have to be transmitted with phase rotations given to the sig-
nals to shift the signals by 0.25 symbol time, 0.5 symbol time,
and 0.75 symbol time, respectively.

The phase-rotation calculating unit 119 calculates phase
rotation amounts for shifting timings of the channels in this
way and outputs the phase rotation amounts to the phase
rotating units 115-1 to 115-M. The phase rotating units 115-1
to 115-M give the received phase rotation amounts to the data.
Consequently, it is possible to reduce a PAPR value of a
multiplexed signal.

The phase rotation amounts can be determined freely. In
the transmission-signal generating unit 101 shown in FIG. 11,
an input value to the phase-rotation calculating unit 119 is the
number of channels (M). However, the input value is not
limited to this. For example, the phase rotation amounts can
be set based on a value suitable for the parameters of the
transmission filter, the number of oversamples, and the num-
ber of symbols. The phase rotation amounts only have to be
set based on parameters fixed by the communication system
or information known in the reception apparatus rather than
parameters that always change such as data.

Even when N, =N,=...N,/=N; it is possible to use differ-
ent numbers of symbols in the respective channels. For
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example, when the number of symbols is represented as D
(D<N), if the number of symbols D is transmitted from the
transmission apparatus to the reception apparatus, it is pos-
sible to apply the processing in this embodiment by transmit-
ting the number of symbols D with a pseudo symbol of a
“N-D” symbol inserted in the number of symbols D.

As explained above, in this embodiment, in the transmis-
sion apparatus, the phase-rotation calculating unit 119 calcu-
lates different phase rotation amounts for a plurality of chan-
nels based on parameters known in the communication
system. The phase rotating units 115-1 to 115-M give phase
rotation amounts to channel data. The P/S unit 118 multi-
plexes signals to which the phase rotation amounts are given
and generates a transmission signal. Consequently, it is pos-
sible to shift a peak power occurrence place in the transmis-
sion signal of multichannel transmission. Therefore, it is pos-
sible to reduce a PAPR value of the transmission signal
compared with a PAPR value of a transmission signal
obtained when the phase rotation amounts are not inserted.

Fifth Embodiment.

In a fifth embodiment, the transmission-signal generating
unit 101 includes IDFT units for respective channels. Differ-
ences from the fourth embodiment are explained.

FIG. 15 is a diagram of a configuration example of the
transmission-signal generating unit 101. The transmission-
signal generating unit 101 includes the S/P units 112-1 to
112-M, the DFT units 113-1 to 113-M, the transmission filter
processing units 114-1 to 114-M, the phase rotating units
115-1 to 115-M, IDFT units 120-1 to 120-M, a multiplexing
oversampler unit 121, a P/S unit 122, and the phase-rotation
calculating unit 119. Compared with the fourth embodiment
(see FIG. 11), the transmission-signal generating unit 101 is
different in that the transmission-signal generating unit 101
includes the IDFT units 120-1 to 120-M for the respective
channels instead of the IDFT unit 117 and includes the mul-
tiplexing oversampler unit 121 instead of the frequency-ar-
ranging oversampler unit 116.

The IDFT units 120-1 to 120-M apply inverse discrete
Fourier transform to signals to which phase rotation amounts
are given. The multiplexing oversampler unit 121 multiplexes
the signals subjected to the inverse discrete Fourier transform
and applies oversampling to the signals. The P/S unit 122
subjects the signals subjected to the oversampling to parallel/
serial conversion.

The operation of the transmission-signal generating unit
101 in this embodiment is explained. The operations of the
S/P units 112-1 to 112-M, the DFT units 113-1 to 113-M, the
transmission filter processing units 114-1 to 114-M, and the
phase rotating units 115-1 to 115-M are the same as the
operations in the fourth embodiment. The IDFT units 120-1
to 120-M apply, for the respective channels, inverse discrete
Fourier transform processing to the signals to which the phase
rotation amounts are given by the phase rotating units 115-1
to 115-M. As in the fourth embodiment, when the number of
input signals to the IDFT units 120-1 to 120-M is a power of
2, a conversion method with small computation such as IFFT
can be used. In the phase rotating units 115-1 to 115-M,
frequencies to be treated can be reduced compared with the
IDFT unit 117 in the fourth embodiment (see FIG. 11). There-
fore, it is possible to simplify the configuration of the phase
rotating units 115-1 to 115-M.

The multiplexing oversampler unit 121 receives an input of
the signals subjected to the inverse discrete Fourier transform
and applies multiplexing processing and oversampling pro-
cessing to the signals. The oversampling processing is the
same as the oversampling processing in the fourth embodi-
ment. As in the case of the phase rotating units 115-1 to

10

15

20

25

30

35

40

45

50

55

60

65

12

115-M, in the multiplexing oversampler unit 121, frequencies
to be treated can be reduced compared with the frequency-
arranging oversampler unit 116 in the fourth embodiment
(see FIG. 11). Therefore, it is possible to simplify the con-
figuration of the multiplexing oversampler unit 121.

The P/S unit 122 receives an input of the oversampled
signals, and after applying parallel/serial conversion process-
ing to the signals, outputs the signals as a transmission signal.
The output transmission signal is a transmission signal output
from the transmission-signal generating unit 101 to the
CP/ZP adding unit 102.

As in the fourth embodiment, the phase-rotation calculat-
ing unit 119 calculates the phase rotation amounts based on
the number of channels M. However, the phase rotation
amounts can be set based on a value suitable for the param-
eters of the transmission filter, the number of oversamples,
and the number of symbols. The phase rotation amounts only
has to be set based on parameters fixed by the communication
system or information known in the reception apparatus.

As explained in the first embodiment, in general, as a
modulation system, PSK, QAM, or the like is used. Data
encoded using an error correction code or the like or spread-
encoded data such as CDMA can be used. The oversampling
processing can also be performed before the IDFT units
120-1 to 120-M rather than being performed in the multiplex-
ing oversampler unit 121. In this case, M oversampling units
are necessary before the IDFT units 120-1 to 120-M. The
multiplexing oversampler unit 121 performs only signal mul-
tiplication.

As explained above, in this embodiment, the transmission-
signal generating unit 101 includes the IDFT units 120-1 to
120-M for the respective channels. In this case, it is possible
to obtain effects equivalent to the effects of the fourth
embodiment. Further, it is possible to simplify the configu-
rations of the phase rotating units 115-1 to 115-M and the
multiplexing oversampler unit 121.

Sixth Embodiment.

In a sixth embodiment, a PAPR value of a transmission
signal at the current phase rotation amount is measured and
transfer rotation amounts are calculated using information
concerning the PAPR value. Differences from the fourth
embodiment are explained.

FIG. 16 is a diagram of a configuration example of the
transmission-signal generating unit 101. The transmission-
signal generating unit 101 includes the S/P units 112-1 to
112-M, the DFT units 113-1 to 113-M, the transmission filter
processing units 114-1 to 114-M, the phase rotating units
115-1 to 115-M, the frequency-arranging oversampler unit
116, the IDFT unit 117, the P/S unit 118, a PAPR-measure-
ment control unit 123, and a phase-rotation calculating unit
124.

The PAPR-measurement control unit 123 measures a
PAPR value of a multiplexed transmission signal and notifies
the phase-rotation calculating unit 124 of the PAPR value.
The phase-rotation calculating unit 124 calculates, based on
information concerning the number of channels and the
PAPR value, phase rotation amounts for the phase rotating
units 115-1 to 115-M and outputs the phase rotation amounts.

In this embodiment, the PAPR-measurement control unit
123 measures a PAPR value of a transmission signal and
notifies the phase-rotation calculating unit 124 of the PAPR
value. The phase-rotation calculating unit 124 calculates,
based on the number of channels and the PAPR value, phase
rotation amounts with which the PAPR value is minimized.

The phase rotation amounts sometimes depend on data.
Therefore, the PAPR-measurement control unit 123 acquires
information concerning phase rotation amounts (W
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0<k=M-1) from the phase-rotation calculating unit 124 and
transmits the information concerning the phase rotation
amounts to the reception apparatus together with the trans-
mission signal. There is no limitation concerning a method of
transmitting the information concerning the phase rotation
amounts. It is possible to transmit the information concerning
the phase rotation amounts using another channel or frame
different from a channel or a frame for the transmission
signal.

The above explanation is based on the transmission appa-
ratus in the fourth embodiment. However, the explanation can
be applied to the transmission apparatus in the fifth embodi-
ment as well.

As explained above, in this embodiment, the phase-rota-
tion calculating unit 124 further acquires information con-
cerning the current PAPR value and calculates phase rotation
amounts for the phase rotating units 115-1 to 115-M such that
the PAPR value is minimized. Consequently, when the PAPR
value increases, it is possible to immediately reduce the PAPR
value.

Seventh Embodiment.

In this embodiment, a reception apparatus included in a
communication system together with the transmission appa-
ratus in the fourth to sixth embodiments is explained.

FIG. 17 is a diagram of a configuration example of the
reception apparatus. The reception apparatus includes the
CP/ZP removing unit 200, a DFT unit 207, a channel estimat-
ing and equalizing unit 208, a frequency selecting unit 209, a
separating unit 210, phase reverse rotating units 211-1 to
211-M, reception filter processing units 212-1 to 212-M,
IDFT units 213-1 to 213-M, demodulating units 214-1 to
214-M, and a control unit 215.

The DFT unit 207 applies discrete Fourier transform pro-
cessing to a received signal. The channel estimating and
equalizing unit 208 applies channel estimation and equaliza-
tion processing to the received signal. The frequency select-
ing unit 209 separates the received signal in frequency
domains in cooperation with the separating unit 210. The
phase reverse rotating units 211-1 to 211-M apply phase
reverse rotation processing to the divided signals based on
information concerning phase rotation amounts acquired
from the control unit 215. The reception filter processing
units 212-1 to 212-M apply filter processing to the signals
subjected to the phase reverse rotation processing. The IDFT
units 213-1 to 213-M apply inverse discrete Fourier transform
processing to the signals subjected to the filter processing.
The demodulating units 214-1 to 214-M demodulate the sig-
nals. The control unit 215 calculates phase rotation amounts
based on information concerning the number of channels,
which is information known in a digital communication sys-
tem in which the reception apparatus is included together
with the transmission apparatus, and outputs the phase rota-
tion amounts to the phase reverse rotating units 211-1 to
211-M.

The operation of the reception apparatus is explained.
First, the CP/ZP removing unit 200 removes a CP or a ZP
from a received signal. The DFT unit 207 applies discrete
Fourier transform processing to the received signal. The
channel estimating and equalizing unit 208 applies channel
estimation and equalization processing to the received signal
and removes interference.

The frequency selecting unit 209 and the separating unit
210 divide the received signal into respective channels in the
frequency domains. FIG. 18 is a diagram of frequency divi-
sion processing. The frequency selecting unit 209 and the
separating unit 210 of the reception apparatus shown in FIG.
17 are shown. In the transmission apparatus, the frequency
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arrangement shown in FIG. 13 is performed. In the reception
apparatus, processing opposite to the frequency arrangement,
i.e., processing for obtaining received signal for the respec-
tive channels is performed in the frequency selecting unit 209
and the separating unit 210.

Subsequently, the phase reverse rotating units 211-1 to
211-M apply, in the respective frequency domains, phase
reverse rotation processing to the received signals based on
information concerning phase rotation amounts. Phases of
demodulated signals are disordered unless a phase reverse
rotation is not given. Therefore, it is necessary to give, on the
reception apparatus side, a rotation opposite to a rotation
given by the transmission apparatus. Phase rotation amounts
used in the phase reverse rotating units 211-1 to 211-M are
calculated and output by the control unit 215.

In FIG. 17, the control unit 215 calculates phase rotation
amounts based on the number of channels using a calculation
method same as the calculation method in the transmission
apparatus. However, the calculation of phase rotation
amounts is not limited to this. As explained in the fourth to
sixth embodiments, when other known parameters (the
parameters of the transmission filter, the number of over-
samples, the number of symbols, etc.) are used in the trans-
mission apparatus, the control unit 215 calculates phase rota-
tion amounts using the same kinds of parameters. It is set in
advance in the communication system which parameters are
used. Consequently, the reception apparatus stores the param-
eters, which depend on the communication system, in a not-
shown memory and refers to the parameters. Therefore, the
reception apparatus does not need to acquire information
concerning parameters from the transmission apparatus every
time the reception apparatus receives a signal.

As in the case of the sixth embodiment, when the transmis-
sion apparatus changes phase rotation amounts as appropriate
based on the current PAPR value, the control unit 215 can also
receive the phase rotation amounts from the transmission
apparatus and output the phase rotation amounts every time
the transmission apparatus changes the phase rotation
amounts. Because the phase reverse rotation processing is
performed based on the actual phase rotation amounts, it is
possible to perform the phase reverse rotation processing at
high accuracy.

In the reception apparatus, after the phase reverse rotation
processing, in the respective channels, the reception filter
processing units 212-1 to 212-M apply reception filter pro-
cessing to the received signals. The IDFT units 213-1 to
213-M apply inverse discrete Fourier transform processing to
the received signals. The demodulating units 214-1 to 214-M
demodulate the received signals to obtain channel data. As a
demodulation system, an appropriate demodulation system is
used according to an error correction code, a spreading code,
and a modulation system used in the transmission apparatus.

As explained above, in this embodiment, in the reception
apparatus, the control unit 215 calculates phase rotation
amounts based on information same as the information in the
transmission apparatus. The phase reverse rotating units
211-1 to 211-M remove the phase rotation amounts from a
received signal. Consequently, in the reception apparatus, it is
possible to remove different phase rotation amounts inserted
for the respective channels. Therefore, it is possible to align
phases of demodulated signals and obtain data generated by
the transmission apparatus.

Eighth Embodiment.

In an eighth embodiment, a relay or a relay station (here-
inafter collectively referred to as relay apparatus) to which the
transmission apparatus explained above is applied is
explained.
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In the transmission apparatus explained in the first, second,
and fourth to sixth embodiments, data generation is per-
formed in the own apparatus and transmission timing is
shifted for the generated data. However, as in the relay appa-
ratus, it is possible to shift transmission timing for received
data without performing data generation in the own appara-
tus. In this case, the relay apparatus plays a role of amplifying
the power of a received signal and relaying the received
signal.

FIG.19is a diagram of a configuration example of the relay
apparatus. The relay apparatus includes a synchronizing unit
300, a transmission-signal generating unit 301, a CP/ZP add-
ing unit 302, a DAC unit 303, an RF unit 304, and a transmis-
sion antenna 305.

The synchronizing unit 300 performs synchronization of
symbol timing and frame timing using an input signal and
divides a received signal into a plurality of channels. Specifi-
cally, the synchronizing unit 300 performs operation same as
the operation of the reception apparatus in the third embodi-
ment (see FIG. 10) and the operation of the reception appa-
ratus in the seventh embodiment (see FIG. 17).

The transmission-signal generating unit 301, the CP/ZP
adding unit 302, the DAC unit 303, the RF unit 304, and the
transmission antenna 305 respectively perform kinds of pro-
cessing same as the processing performed by the transmis-
sion-signal generating unit 101, the CP/ZP adding unit 102,
the DAC unit 103, the RF unit 104, and the transmission
antenna 105. The transmission-signal generating unit 301
performs the operation of the transmission-signal generating
unit 101 explained in the first, second, and fourth to sixth
embodiments.

When the relay apparatus includes the configuration of the
transmission-signal generating unit 110 and the reception
apparatus shown in FIGS. 10 and 17, the function of the
timing-offset calculating unit 109 (or 111) and the function of
the control unit 206 are common or the function of the phase-
rotation calculating unit 119 (or 124) and the function of the
control unit 215 are common. In this case, one of the configu-
ration of the transmission-signal generating unit 101 and the
configuration of the reception apparatus can be included and
the other can be removed. For example, if the timing-offset
calculating unit 109 includes the function of the control unit
206 as well, the control unit 206 can be removed. Therefore,
it is possible to simplify the configuration of the relay appa-
ratus.

As explained above, in this embodiment, in the relay appa-
ratus, processing for shifting transmission timings of respec-
tive channels is applied to received data. Consequently, in the
relay apparatus, as in the transmission apparatus, it is possible
to reduce a PAPR value of a signal output by the own appa-
ratus.

In all the embodiments, for simplification of explanation, a
single antenna communication system (a communication
system that uses one antenna for transmission) is explained as
an example. However, the present invention is not limited to
this. The present invention can be used in a multi-antenna
system such as a MIMO communication system described in
the literature ‘J. Mietzner et al., “Multiple-antenna tech-
niques for wireless communications—a comprehensive lit-
erature survey”, IEEE Commun. Surveys & Tutorials, vol. 11,
no. 2, Second Quarter 2009, pp. 87 to 105°.

The communication system including the transmission
apparatus and the reception apparatus explained above is not
limited to radio communication and can be applied to a com-
munication apparatus including wire communication. The
communication system can be applied to encoded data. The
transmission apparatus and the reception apparatus are not
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limited to the configurations explained in the embodiments
and the application to the relay apparatus explained in the
eighth embodiment and can be adapted to combinations of
various modules. In the communication system, in the respec-
tive channels, not only data but also a system control signal, a
pilot signal, which is a signal known to the reception side, and
the like can be used. It is possible to reduce a PAPR value
using the present invention.

As explained above, the transmission apparatus according
to the present invention is useful for communication in a
multipath environment and, in particular, suitable when mul-
tichannel communication is performed.

REFERENCE SIGNS LIST

100 multichannel-data generating unit

101 transmission-signal generating unit

102 CP/ZP adding unit

103 DAC unit

104 RF unit

105 transmission antenna

106-1 to 106-M transmission filter processing units

107-1 to 107-M timing offset units

108 multiplexing unit

109, 111 timing-offset calculating units

110, 123 PAPR-measurement control units

112-1 to 112-M S/P units

113-1 to 113-M DFT units

114-1 to 114-M transmission filter processing units

115-1 to 115-M phase rotating units

116 frequency-arranging oversampler unit

117, 120-1 to 120-M IDFT units

118, 122 P/S units

119, 124 phase-rotation calculating units

121 multiplexing oversampler unit

200 CP/ZP removing unit

201, 208 channel estimating and equalizing units

202 synchronizing unit

203, 210 separating units

204-11t0204-M, 212-1 to 212-M reception filter processing
units

205-1 to 205-M, 214-1 to 214-M demodulating units

206, 215 control units

207 DFT unit

209 frequency selecting unit

211-1 to 211-M phase reverse rotating units

213-1 to 213-M IDFT units

300 synchronizing unit

301 transmission-signal generating unit

302 CP/ZP adding unit

303 DAC unit

304 RF unit

305 transmission antenna

The invention claimed is:

1. A transmission apparatus included in a communication
system together with a reception apparatus and configured to
multiplex data from M (M is a natural number equal to or
larger than 2) channels and transmit the data to the reception
apparatus, the transmission apparatus comprising:

M timing offset units configured to respectively receive
inputs of the data from the different channels and insert
designated timing offset values in the input data;

a multiplexing unit configured to multiplex the M data
subjected to the timing offset and output a multiplexed
signal; and

a timing-offset calculating unit configured to calculate,
based on a known value based on a number of channels
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in the communication system, different timing offset
values for the respective M timing offset units and output
the calculated timing offset values to the respective tim-
ing offset units, the timing-offset calculating unit setting
an interval between the different timing offset values
based on a time for one symbol and the number of
channels.

2. The transmission apparatus according to claim 1,
wherein the timing-offset calculating unit sets the interval
between the different timing offset values to Ts/M, where M
is the number of channels and Ts is the time for one symbol.

3. The transmission apparatus according to claim 1,
wherein the timing-offset calculating unit calculates the tim-
ing offset values based on a number of symbols included in
the respective data.

4. The transmission apparatus according to claim 1, further
comprising M transmission filter units configured to apply
filter processing to the data not input to the timing offset units
yet, wherein

the timing-offset calculating unit calculates the timing off-
set values based on parameters of filters in the transmis-
sion filter units.

5. The transmission apparatus according to claim 1, further
comprising a PAPR measuring unit configured to measure a
PAPR value (a peak to average power ratio) of the multi-
plexed signal output from the multiplexing unit and output the
PAPR value to the timing-offset calculating unit, wherein

the timing-offset calculating unit further receives an input
of'the PAPR value and calculates the timing offset values
for the timing offset units such that the PAPR value
decreases.

6. The transmission apparatus according to claim 5,
wherein

the timing-offset calculating unit outputs the calculated
timing offset values to the PAPR measuring unit, and

the PAPR measuring unit outputs the acquired timing off-
set values to the reception apparatus.

7. A reception apparatus included in a communication
system together with a transmission apparatus and configured
to receive, from the transmission apparatus, a multiplexed
signal obtained by multiplexing data of M (M is a natural
number equal to or larger than 2) channels, the reception
apparatus comprising:

a synchronizing unit configured to remove designated tim-

ing offset values from the multiplexed signal;

a separating unit configured to separate the multiplexed
signal, from which the timing offset values are removed,
into M data for the respective channels; and

a control unit configured to calculate the timing offset
values based on a known value based on a number of
channels in the communication system and output the
timing offset values to the synchronizing unit, the con-
trol unit setting an interval between the different timing
offset values based on a time for one symbol and the
number of channels.

8. The reception apparatus according to claim 7, wherein
the control unit sets the interval between the different timing
offset values to Ts/M, where M is the number of channels and
Ts is the time for one symbol.

9. The reception apparatus according to claim 7, wherein
the control unit calculates the timing offset values based on a
number of symbols included in the respective data.

10. The reception apparatus according to claim 7, wherein,
when the transmission apparatus includes transmission filter
units, the controlunit calculates the timing offset values based
on parameters of filters in the transmission filter units.
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11. The reception apparatus according to claim 7, wherein
the control unit outputs the timing offset values, which are
received from the transmission apparatus, to the synchroniz-
ing unit.

12. A transmission apparatus included in a communication
system together with a reception apparatus and configured to
multiplex data from M (M is a natural number equal to or
larger than 2) channels and transmit the data to the reception
apparatus, the transmission apparatus comprising:

M parallel converting units configured to respectively
receive inputs of the data from the different channels and
convert the input data from serial data into parallel data;

M Fourier transform units configured to respectively
receive inputs of the data from the different parallel
converting units and apply Fourier transform processing
to the input data;

M phase rotating units configured to respectively receive
inputs of the data from the different Fourier transform
units and add phase rotation amounts based on a number
of channels to the input data;

a multiplexing unit configured to multiplex the M data to
which the phase rotation amounts are added and output
a multiplexed signal;

an inverse Fourier transform unit configured to apply
inverse Fourier transform processing to the multiplexed
signal;

a serial converting unit configured to convert a signal sub-
jected to the inverse Fourier transform processing from
parallel data into serial data; and

a phase-rotation calculating unit configured to calculate,
based on a known value based on a number of channels
in the communication system, different phase rotation
amounts for the respective M phase rotating units and
output the calculated phase rotation amounts to the
respective phase rotating units.

13. The transmission apparatus according to claim 12,
wherein the phase-rotation calculating unit calculates the
phase rotation amounts to be added in a frequency domain so
that an interval between different timing offset values of Ts/M
occurs in a time domain, where M is the number of channels
and Ts is a time for one symbol.

14. The transmission apparatus according to claim 12,
wherein the phase-rotation calculating unit calculates the
phase rotation amounts based on a number of symbols
included in the respective data.

15. The transmission apparatus according to claim 12,
further comprising M transmission filter units provided at a
post stage of the Fourier transform units and configured to
apply filter processing to the data not input to the phase
rotating units yet, wherein

when the M phase rotating units respectively receive inputs
of the data from the different transmission filter units,

the phase-rotation calculating unit calculates the phase
rotation amounts based on parameters of filters in the
transmission filter units.

16. The transmission apparatus according to claim 12,
further comprising a PAPR measuring unit configured to
measure a PAPR value (a peak to average power ratio) of the
multiplexed signal output from the serial converting unit and
output the PAPR value to the phase-rotation calculating unit,
wherein

the phase-rotation calculating unit further receives an input
of the PAPR value and calculates the phase rotation
amounts for the phase rotating units such that the PAPR
value decreases.
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17. The transmission apparatus according to claim 16,
wherein

the phase-rotation calculating unit outputs the calculated
phase rotation amounts to the PAPR measuring unit, and

the PAPR measuring unit outputs the acquired phase rota-
tion amounts to the reception apparatus.

18. A transmission apparatus included in a communication
system together with a reception apparatus and configured to
multiplex data from M (M is a natural number equal to or
larger than 2) channels and transmit the data to the reception
apparatus, the transmission apparatus comprising:

M parallel converting units configured to respectively
receive inputs of the data from the different channels and
convert the input data from serial data into parallel data;

M Fourier transform units configured to respectively
receive inputs of the data from the different parallel
converting units and apply Fourier transform processing
to the input data;

M phase rotating units configured to respectively receive
inputs of the data from the different Fourier transform
units and add phase rotation amounts based on a number
of channels to the input data;

M inverse Fourier transform units configured to respec-
tively receive inputs of the data from the different phase
rotating units and apply inverse Fourier transform pro-
cessing to the input data;

a multiplexing unit configured to multiplex the M data
subjected to the inverse Fourier transform and output a
multiplexed signal;

a serial converting unit configured to convert the multi-
plexed signal from parallel data into serial data; and

a phase-rotation calculating unit configured to calculate,
based on a known value based on a number of channels
in the communication system, different phase rotation
amounts for the respective M phase rotating units and
output the calculated phase rotation amounts to the
respective phase rotating units.

19. The transmission apparatus according to claim 18,
wherein the phase-rotation calculating unit calculates the
phase rotation amounts to be added in a frequency domain so
that an interval between different timing offset values of Ts/M
occurs in a time domain, where M is the number of channels
and Ts is a time for one symbol.

20. The transmission apparatus according to claim 18,
wherein the phase-rotation calculating unit calculates the
phase rotation amounts based on a number of symbols
included in the respective data.

21. The transmission apparatus according to claim 18,
further comprising M transmission filter units provided at a
post stage of the Fourier transform units and configured to
apply filter processing to the data not input to the phase
rotating units yet, wherein

when the M phase rotating units respectively receive inputs
of the data from the different transmission filter units,

the phase-rotation calculating unit calculates the phase
rotation amounts based on parameters of filters in the
transmission filter units.

22. The transmission apparatus according to claim 18,
further comprising a PAPR measuring unit configured to
measure a PAPR value (a peak to average power ratio) of the
multiplexed signal output from the serial converting unit and
output the PAPR value to the phase-rotation calculating unit,
wherein

the phase-rotation calculating unit further receives an input
of the PAPR value and calculates the phase rotation
amounts for the phase rotating units such that the PAPR
value decreases.

10

15

20

25

30

35

40

45

50

55

60

65

20

23. The transmission apparatus according to claim 22,
wherein

the phase-rotation calculating unit outputs the calculated
phase rotation amounts to the PAPR measuring unit, and

the PAPR measuring unit outputs the acquired phase rota-
tion amounts to the reception apparatus.

24. A reception apparatus included in a communication
system together with a transmission apparatus and configured
to receive, from the transmission apparatus, a multiplexed
signal obtained by multiplexing data of M (M is a natural
number equal to or larger than 2) channels, the reception
apparatus comprising:

a separating unit configured to separate the multiplexed

signal into M data for the respective channels;

M phase reverse rotating units configured to respectively
receive inputs of the different separated data and remove
designated phase rotation amounts; and

a control unit configured to calculate the phase rotation
amounts based on a known value based on a number of
channels in the communication system and output the
calculated phase rotation amounts to the respective
phase reverse rotating units, the control unit calculating
the phase rotation amounts to be added in a frequency
domain so that an interval between different timing off-
set values that is based on a time for one symbol and the
number of channels, occurs in a time domain.

25. The reception apparatus according to claim 24, wherein
the control unit calculates the phase rotation amounts to be
added in the frequency domain so that the interval between
different timing offset values of Ts/M occurs in the time
domain, where M is the number of channels and T's is the time
for one symbol.

26. The reception apparatus according to claim 24, wherein
the control unit calculates the phase rotation amounts based
on a number of symbols included in the respective data.

27. The reception apparatus according to claim 24, wherein

when the transmission apparatus includes transmission fil-
ter units,

the control unit calculates the phase rotation amounts
based on parameters of filters in the transmission filter
units.

28. The reception apparatus according to claim 24, wherein
the control unit outputs the phase rotation amounts, which are
acquired from the transmission apparatus, to the respective
phase reverse rotating units.

29. A relay apparatus configured to relay a multiplexed
signal obtained by multiplexing data of M (M is a natural
number equal to or larger than 2) channels in a communica-
tion system in which a transmission apparatus transmits the
multiplexed signal and a reception apparatus receives the
multiplexed signal, the relay apparatus comprising:

a synchronizing unit configured to remove timing offset
values based on a number of channels from the multi-
plexed signal;

a separating unit configured to separate the multiplexed
signal, from which the timing offset values are removed,
into M data for the respective channels;

M timing offset units configured to respectively receive
inputs of the different separated data and insert the des-
ignated timing offset values in the input data;
multiplexing unit configured to multiplex the M data
subjected to the timing offset and output the multiplexed
signal; and
a timing-offset calculating unit configured to calculate,

based on a known value based on a number of channels

in the communication system, different timing offset
values for the respective M timing offset units, output

o
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the calculated timing offset values to the respective tim-
ing offset units, and further output the timing offset
values to the synchronizing unit, the timing-offset cal-
culating unit setting an interval between the different
timing offset values based on a time for one symbol and
the number of channels.

30. The relay apparatus according to claim 29, wherein the
timing-offset calculating unit sets the interval between the
different timing offset values to Ts/M, where M is the number
of channels and Ts is the time for one symbol.

31. A relay apparatus configured to relay a multiplexed
signal obtained by multiplexing data of M (M is a natural
number equal to or larger than 2) channels in a communica-
tion system in which a transmission apparatus transmits the
multiplexed signal and a reception apparatus receives the
multiplexed signal, the relay apparatus comprising:

a separating unit configured to separate the multiplexed

signal into M data for the respective channels;

M phase reverse rotating units configured to respectively
receive inputs of the different separated data and remove
phase rotation amounts based on a number of channels;

M parallel converting units configured to respectively
receive inputs of the data from the different phase
reverse rotating units and convert the input data from
serial data into parallel data;

M Fourier transform units configured to respectively
receive inputs of the data from the different parallel
converting units and apply Fourier transform processing
to the input data;
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M phase rotating units configured to respectively receive
inputs of the data from the different Fourier transform
units and add phase rotation amounts based on a number
of channels to the input data;

a multiplexing unit configured to multiplex the M data to
which the phase rotation amounts are added and output
the multiplexed signal;

an inverse Fourier transform unit configured to apply
inverse Fourier transform processing to the multiplexed
signal;

a serial converting unit configured to convert a signal sub-
jected to the inverse Fourier transform processing par-
allel data into serial data; and

a phase-rotation calculating unit configured to calculate,
based on a known value based on a number of channels
in the communication system, different phase rotation
amounts for the respective M phase rotating units and
output the calculated phase rotation amounts to the
respective phase rotating units, and further output the
calculated phase rotation amounts to the respective
phase reverse rotating units.

32. The relay apparatus according to claim 31, wherein the
phase-rotation calculating unit calculates the phase rotation
amounts to be added in a frequency domain so that an interval
between the different timing offset values of Ts/M occurs in a
time domain, where M is the number of channels and Ts is a
time for one symbol.



